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+ increased off-cycle NO, emissions identified from light-duty diesel vehicles in
curope
- expeed the Eurp 3-5 emissions standards on average by a factor of 4 10 7 over spegific
test routes
« Vehicles meet certification levels for emissions while operated over standard
chassis dynamometer cycles (e.g. FTP-75, NEDC)

- introduction of tighter emissions limits for the purpose of vehicle certification has not
necessarily transiated into effective on-road NQ, reductions of the same magnitude

- NGO, levels in European member siates excesding ambient air quality standards
- Exhaust temperature dependency of SCR activity {low ioad operation, stop/go traffic)
« European Commission established working group to propose modifications to
current vehicle certification procedure
- gmissions testing with random driving cyole generation in the laboratory

- an-road emissions testing with PEMS equipment
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Y - Test Vehicles
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=RA adverised fuel economy and CO, emissions values for new vehicles in the US (www. fusleconomy gov}
+ Yehicles did not indicate any after-treatiment or engine malfunction (ECU scan)
» Vehicles A and B were tested on chassis dynamometer and complied with certification
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« Roule 1. highway driving in Los Angeles

o Roule 2 urban driving in downtown Los Angeles

» Roule 3 rural and uphill/downhill driving in LA's foothills
« Roule 4 wrban driving in downtown San Diego

= Roule & urban deving in downlown San Francisco

Route 2: downfown LA,
“Los Angeles Route Four” (FTP)

L
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+ Los Angeles to Seatlle via Interstate I-5N and 158

Route dumation [ hil 3931 Share [9% ] (hme based)
Route distanve [l 306810 Cadling G0 Loy 3
Ave vehisle speed ki 10095 < low speed (52250 ki Qi
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-THODOLOGY - Instrumentation

« Gaseous Emissions: Horiba OBS5-2200 PEMS
PM Emissions: Pegasor Particle Sensor (PPS-M) and Horiba OBS-TRPM
ECU OBD Data
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« On-road vehicle test malrix

Route 1 hishway 2 2 1
Route 2 urban (1L.os Angelay) 2 2 2
Route 3: rural = aphill downhill 2 2 3
Route 4 urban (8an Dicgo) 2 2
Route 3 urban (San Francisco) 1 2
CrosssState Trip CAto WA X

¢ Emissions measurament matrix

EFb OBS Probe FRS Probe

(Iascous emissions X X X
Particle number (PES) X X
Particle mass (OBSETRPM) X

< Instrumentation readiness during ‘'multi-state’ routs

OBS (gaseous emivsions) 238 601 23520 593
ECU (engine paranicier) 794 31433 792
PPS (particle emissions) ; 23046
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Average NOX emissions [g/km]
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Average NOX emissions as deviation ratio

. Emissions

Highest NO, emissions during rursl/up-downhill
and lowast NO, during highway driving

LNT shows deficiencies in NQ, reduction over
urea-SCR system

Increase in NO, emissions during tests with
DPF regeneration event => especially
pronounced for Vehicle A (LNT)

Route 1, Vehicle A contains rush-hour and non-
rush-hour traffic conditions
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— Continuous averaging window NO, emissions vs. distance
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Ave. Win. NOX Emissions

PN Concentration [#/cm3]

Particle number concenirations and exhaust gas temperatures {at exhaust tip) vs. distance
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« Comparison of tests with and without DPF regeneration for Vehicle A, Route 3 {up/downhill}
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Average CO emissions {g/km]
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{NMHC) Tier2-BinB standard

Caution: Chassis dynamometer testing
showed >80% CH/THC ratio

— Only THC measurad during on-road testing

Chassis dynamometer tesfing over FTP-75

CHA/THC Ratio 9987 8723
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Average THC emissions [g/km]
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function of driving or route conditions
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during urban and highway driving
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Average CO2 emissions [g/km]
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Route 2: urban {LA)
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Urban/suburban driving showed highest CO, emissions / lowest fuel economy

A 31% increase in CO, observad between non-rush-hour and rush-hour highway driving for Vehicle A
increased CO, emissions observed during DPF regeneration events for Vehicles Aand B
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LA-Seattle: highway Mean: highway
Route 8: urban (Seattle) m Mean: urban

Seattle-LA: highway FEE Mean: total route

Route 7: urban/highway (Sacramento) ~rres Tier2-BinG Standard
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s to Seattle lRB' Seattle to Sacramento R7 SAC to

« Exceeding NO, Tier2-Binb standard on average by a factor of 8§ over entire route

Joaguin Valley
- low or negligible changes in altitude {Le. near zero read grade)

« NO, emissions below TierZ-Binb level cbserved during traveling northbound on -5 through San
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= Vehicles A and B complied with regulatory standards for all pollutants during
chassis dynamometer testing over ceriification cycles (Vehicle C was not
tested).

+ In-use NO, emissions
- Vahicle A. 15-35 times higher than the FTP standard,
- Vehicle £: 518 times higher than FTP standards,
- Vehicle C: generally below the FTP standard.
« DPF regeneration events were observed to increase NO, emissions by up to
50% for the LNT equipped vehicle {only small effect on SCR vehicles
ohserved)

= In-use HC emissions ware far below the standard for Vehicles B and C and
slightly higher but remaining below the standard for Vehicle A

« In-use CO emissions were far below the standard for all three vehicles.

» In-use PN emissions were generally one order of magnitude below 6x10"
#Hkm] during routes that did not expenence DPF regeneration evenis.

« PN emissions increased by up to two orders of magnitude during DPF
regeneration events
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» Limited sample space {three vehicles, two technologies, only one sample
per vehicle) does not allow to draw definitive implications/conclusions.
-~ Increased sample numbers required => additional testing of more vehicles needed
» Large discrepancy observed between NO, emissions from certification
testing on chassis dynamometer an on-road {esting needs further
nvestigation.

- Might SFTF (incl. US08 cyole) NO, standards be oo lenient, allowing for inoreased NO,
emissions under higher ioad conditions?

» Vehicle C has shown that NO, emissions al the Tier2-Binb standard
during diverse on-road operation is possible.

« More study needed for very high NO, emissions observed during
particulate filter regeneration events, especially for LNT system

« More work needed to understand PN emissions => PMP method versus
capturing below 23nm partilces
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Route 1. highway driving in Los Angefes

Route 2. wban driving in downtown Los Angeles
Route 3. rural and uphififdownhil driving in Los Angeles’s foothills

Route 4. wban driving in downfown San Diego

Route & urban driving in downtown San Francisco

Route distance [km] T018 2567
Ave vehicle speed [kin/h) 7185 2409
Max vehicle speed kb 11265 9257
Avs RPAD Inygl] 024 027
Characteristic Power [niv/s ] 257 204
Min elevation [masl 4 460 421
Max clevationmasl] 3601 1235
Sharve [%] Gime based)

~adling (-2 kim'h) 70 218
< law speed (222 50 kan/h) 205 642
Smedinm speed (55090 knvh) 149 12
- high speed (90 kim/h) 517 0.8

5Y - Test Routes

3909 2127 2672
5227 2654 2469
11265 10987 11265
0.26 030 033
393 2.60 297
3000 1 10
1319.9 1014 1909
135 268 279
239 57.0 389
556 129 7.3
74 13 56
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- Test Routes
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Data Analysis

= Applicable regulatory emissions limits; US-EPA Tier2-Bin5 at intermeadiate useful ife (Byears/ 50,000 mi) for
NO,, CO, THC (eq. to NMOG), and PM; EPA advertised CO, values for each vehicle; Euro Shib+ for PN

193 (Vehicle 1)
0043 2610 0.058 186V ehicie B) 0.000 Gx 101!
2R Fehinfe ()

= Window size criterion for AWM, total CO, mass over FTP-75 and NEDC {evaluated at CARB El Monte
chassis dynamometer laboratory for Vehicle A and B; taken from EPA certification document for Vehicle C)

Vehicle A 29214 1938 6
Vehicle B 29448 g4l s
Nehicle € 20425 S n
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